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LOW-SPEED STABILITY AND CONTROL CHARACTERISTICS 

OF A 0.015SCALE MODEL 69-0 OF THE SPACE 

SHUTTLE ORBITER W I T H  FOREBODY RSI MODIFICATIONS 

I N  THE NASA/LaRC LOW TURBULENCE PRESSURE , 

TUNNEL (LA73A/B) 

ABSTRACT 

T e s t s  were conducted i n  the NASA/LaRC Low Turbulence P res su re  Tunnel 

from December 23 through 31, 1975 and December 10 through 13, 1976. The 

model w a s  a Langley-built 0.015 scale SSV O r b i t e r  with forebody modifi- 

c a t i o n s  t o  s imula t e  a s l i g h t  reduction i n  t h e  r eusab le  s u r f a c e  i n s u l a t i o n  

(RSI )  th ickness .  

S ix  component aerodynamic fo rce  and moment d a t a  were obtained a t  

Reynolds numbers of 4.0, 6.0, and 9.0 x lo6  p e r  f o o t  at a cons tan t  Mach 

number of 0.25. The tests were made over an angle  of attack range of 

about -2' t o  20' a t  constant  s i d e s l i p  ang le s  of 0' and 5'. 
v 
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INDEX OF DATA FIGURES (Concluded) 

SCHEDULE OF COEFFICIENTS PLOTTED: 

. (A) CL, CD, CA, C,, L/D, Cy, C,,(BODY), CQ(BODY) versus a 

C, versus CN 

(B) Cys, C (BODY), CQ (BODY) versus a nfl B 
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SYMBOL - 
a 

CP 
H 

P 

Q 

Ab. 
b 

c.g. 

&Er 
C 

S 

SUBSCRIPT8 
b 
1 

t 
S 

Q 

NdMaJCLARlRE 
General 

I 

MNEMONIC DWIltITIOIJ 

ALPHA 

BETA 

PSI 

PBI 

BREI? 

LREF 

SREF 

MRP 

XMRP 

YMRP 

speed of sound; m/sec, ft/sec 

pressure coefficient; (9 - paD)/q 

Mach number; V/a 

pressure; N/m2, psf 

dynamic pressure; 1/2p$, N/m2, psf 

un i t  Reynolds number; per m, per ft 

velocity; m/sec, f t /sec 

angle of attack, degrees 

angle of sidesllp,  degrees 

angle of yaw, degrees 

angle of r o l l ,  degrees 

mess density; kg@, slugs/ft3 

Reference & C.G. Definitions 

base area; m2, f t 2  

wing span or  reference span; m, it 

center of gravity 

reference length or wing mean 
aerodynamic chord; m, f t  

wing area or reference area; m2, f t 2  

moment reference point 

moment reference point on X a x i s  

moment reference point on Y axis 

mapent reference point on Z a x i s  

base 
local  
s t a t i c  conditions 
t ota 1 conditions 
free stream 
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S m L  

Cn 

C A 

Ab 
C 

C n  

C L  

CD 

NOKENCLAWRE (.Continued) 

Body-Axis System 

MNEMONIC D E F I N I T I O N  

CN 

CA 

CY 

CAB 

CAF 

CIM 

m 

CBL 

CL 

CD 

CDB 

CDF 

CY 

CIM 

CLlo 

CSL 

L I D  

L/DF 

axiel-force coefficient;  a x i a l  force 

side-force coefficient;  side force 

base -force coefficient; base force 

qs 

qs 

qs 
'Ab(pb - Pa-)/qs 

forebody axial  force coefficient, CA - CAb 

pitchin(;-moment coefficient;  i t ch in  m-nt * 
S t a b i l i  ty-Axis System 

l i f t  coefficient;  lift 
qs 

b a g  coefficient;  dreg 
qs 

base-drag coefficient;  base are& 
qs 

forebody d rag  coefficient;  CD - 

side-force coefficient;  force 
qs 

pitching-moment coefficient;  pitching moment 
qSf REF 

yawing-moment coefficient;  yewing moment 
qSb 

l i f t - t o -d rag  r a t io ;  C ~ C ,  

l i f t  t o  forebody drag r a t i o ;  C d C w  

6 



SYMBOL 

cpc,1,2 

‘Pb1,2,3,4 

6 e 

&BF 

ASC 

NOMENCLATURE (Concluded) 

Additions to Standard Nomenclature 

MNEMONIC 

CPC, 1,2 

CPB1,2,3,4 

ELEVON 

BDFLAP 

DCY/DB 

DCYNDB 

DCBLDB 

AB - DBETA 

DEFINITION 

sting cavity pressure coefficient 

base cavity pressure coefficient 

elevon, surface deflection angle, positive 
deflection trailing edge down; degrees 

body flap deflection angle; degrees 

sting cavity area; sq. ft. 

side force coefficient derivative with 
respect to sideslip angle; ACy/A$ 

yawing moment coefficient derivative with 
respect to sideslip angle; ACn/A$ 

rolling moment coefficient derivative with 
respect to sideslip angle; ACa/AB 

incremental sideslip angle; degrees 
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INTRODUCTION 

The National Aeronautics and Space Administration is conducting 

studies to determine if any adverse aerodynamic effects would be produced 

by slight reductions in the thickness of the reusable surface insulation 

(RSI) located along the sides of the Space Shuttle Orbiter fuselage fore- 

body. The reductions of interest (a maximum of 2 inches, full scale) 

would allow weight savings in the nose region while still providing suf- 

ficient thermal protective margins for anticipated missions. The poten- 

tial aerodynamic issues which need evaluation are: 

control boundary at M ~ 5 . 0  and the longitudinal and lateral-directionaL 

stability characteristics at 0.21M55.0. 

the forward pitch 

To obtain data over the required speed range, tests have also been 

conducted In the LaRC 4-FOOt Unitary Plan Wind Tunnel (LA7lAIB) to obtain 

supersonic data and in the LaRC 8-Foot Transonic Pressure Tunnel (LA72) to 

obtain transonic data. The model used throughout these tests was a Lang- 

ley built 0.015 scale SSV Orbiter with forebody modifications to simulate 

slight reductions in the reusable surface insulation (RSI) thickness. 

In order to  determine the subsonic aerodynamic effects of the 

aforementioned forebody RSI thickness reductions, tests were conducted 

in the NASA/LaRC Low Turbulence Pressure Tunnel at Reynolds numbers of 

4.0, 6.0, and 9.0 x lo6 per foot at a constant Mach number of 0.25. 
tests were made over an angle of attack range of approximately -2' to 20' 

at constant sideslip angle of 0' and 5'. 

The 

The purpose of the present report is to release data obtained during 

the subsonic phase of the testing. 

8 



CONFIGURATIONS INVESTIGATED 

The test model w a s  a 0.015 scale model of t h e  Space S h u t t l e  Orb i t e r  

constructed a t  the  Langley Research Center from Rockwell furnished model 

49-0 l ine  d e t a i l s .  The model designat ion is  69-0. 

For t h i s  test t h e  Orb i t e r  Forebody contours  were modified ( see  

Figure 2) t o , s l m u l a t e  a reduct ion i n  t h e  thermal p r o t e c t i v e  s h i e l d  area. 

The conf igura t ion  is  summarized as follows: 

Component Def in i t i on  

Fuselage per Rockwell Lines VL70-00014OA and 
VL70-000140B (Model SS-A00147) 

B 1  with reduced RSI  th ickness  

B 1  wi th  reduced RSI  th ickness  and "cheeks" added 

Canopy p e r  Rockwell Lines VL70-000140A and 
VL70-000143B (Model drawing SS-A00147) 

Elevons p e r  Rockwell Lines VL70-000200 
(Model drawing SS-A00148) 

Body f l a p  per Rockwell L i q e s  VL70-000145 (Model 
drawing SS-A00147) 

B 1  

B6 

*7 

C9 

E 26 

F8 

OMS/RCS pods per  Rockwell Lines V170-0084010 
Model drawing SS-A00147) 

OMS engine nozzle per  Rockwell Lines VL70-000145 
(Model drawing SS-AOO147) 

M16 

N 2 8  

R5 Rudder per  Rockwell Lines  VL70-000146A (Model 
drawing SS-A00148) 

Wing f i l l e t  per Rockwell V70-30-906-01 (Basic . 
c o n t r o l  drawing) 

SO 

v8 Vertical tail per  Rockwell Lines VL70-000146A 
(Model drawing SS-AOO148) 1 

W Wing per  Rockwell V70-30-906-01 (Basic con t ro l  
drawing) 

A complete d e s c r i p t i o n  of model dimensional d a t a  is  given i n  Table 111. 

9 



TEST CONDITIONS 

The tunnel conditions existing during the test are summarized in 

Table I and the configurations tested are shown in Table 11. The model 

was sting supported and the aerodynamic forces and moments were measured 

by an internally mounted six-component strain gauge balance. Model angle 

of attack was varied from approximately -2' to 20" for angles of sideslip 

of 0' and 5 ' .  

effects of sting deflection under load. 

Angles-of-attack and sideslip have been corrected for the 

10 



TEST FACILITY DESCRIPTION 

The tests were conducted in the Langley Low Turbulence Pressure 

Tunnel, which is a variable-pressure, single-return facility with a 

closed rectangular test section that is 0.914 meter (3.00 ft.) wide and 

2.290 meters (7.50 ft.) high. 

at low subsonic Mach numbers and at a Reynolds number per unit length of 

up to approximately 49.2 X lo6 per meter (15.0 X lo6 per foot). 

The tunnel can accommodate tests in air 

11 



DATA REDUCTION 

A LaRC 2032 six-component s t r a i n  gauge balance was used t o  measure 

model forces  and moments. A l l  f i n a l  data  were presented along a set  of 

body and s t a b i l i t y  axes (Figure 1)  through the nominal center of gravi ty  

located a t  F.S. 1076.7 and FRL 375.0. Drag data  presented represent 

gross data  in tha t  no corrections t o  free-stream conditions i n  the base 

regions have been made. Model data  were converted t o  standard NASA 

coef f ic ien ts  using the following constants: 

Reference Area Sref = 0.605 f t a 2  

Reference Length aref = 7.122 in .  

Reference Span bref = 14.05 in .  

Total base a rea  excluding 
s t i n g  cavity Ab 0.0615 f tm2 

Sting cavity area As, - 0.03409 f t . 2  

1 2  



MACH NUMBER 

0.25 
I 

V i  

BALANCE UTILIZED: La3c 2032 

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATUR 
(per unit length) (pounds/sq. inch) (degrees Fahrenheit) 

I 

4.0 X 10“ L’c4 loo3 
F,o x loh c .2p , loo3 

loo3 
P 

9.0 x 101) 5 1 -  

COMME TS: 

CAPACITY: 

250 i-~ NF 
SF 50 lb 

50 lb AF 

PM 

RM 

YM 

350 in-1b 

40 in-15 

60 i n - lb  

ACCURACY: 
COEFFICIENT 
TOLE RAN C E : 

13 



1 TEST RUN NUMBERS 
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TABm 111. 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT: BODY B1 

GENERAL DESCRIPTION : 140 A/R Orhfter m a  e 

NOIX: B1 is identical to ?2b except underside of fuselage has been 

W - 

DRAWING NUMBER : JIL70-0&?B.  600200. OOO2 05. -006089, 
'400145, -000140A, OOO14OB 

DIMEN YON S : FULL SCALE 

*Length (Om: Rrd Sts. %-235)-In, 1293.3 
. * Length (Pn;: Rrd Sta. &=238)-1n. 1290.3 
u Max Width(@ x = 1528.3) - In. 

Max Depth(@ )5= 1464) - In. 
Fineness Ratio 

. Area .- Ft* 

264.0 

250.0 

Max. Cross-SectionoI 

P I an f o m  

340.88 

Wetted 

Base 

MODEL SCALE 

3.750 

. .  

0;  077 



TABLE 111-Continued 
MODEL DIMENSIONAL DATA 

MODEL COMPONENT : BODY B6 

GENERAL DESCRIPTION : Confimration 140A/B Orbiter Fuselage 

B r n t  ed RSI thickness m forebady B1 excent for reduc 

DIMENSIONS : FULL SCALE 

. A r w  -Ft* 

Max. Cross- Sec tion ol 

P 1 an form 

Wetted 

.Base 

250.1) 

MODEL SCALE 

19 J 400 
7 5 5 . -  

1.960 

1.750 

9.077 

, 

16 
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TABLE 111-Continued 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : BoTlY B7 

4 0 A h  Orbiter Fu s elaae GENERAL DESCRIPTION ; m f i - f o n  1 

NCfB3: Identical t o  B1 except for reduced RSI thickness and t h e  

addition of "cheeks" (See Fia. 2) 

MODEL SCALE: 0.015 MODEL DRAWING: SS-AO0147, RELEASE 12 . 

DRAWING NUMBER .VL70-000143B, -0OO200, 000205, -006089, 
-000145, -000140A, 000140B 

> 

DIMENSIONS : FULL SCALE MODEL SCALE 

Max Depth (e &= 1464) - In. 250.0 3.750 

Fineness Ratio 

. Area - Ft2 
Max. Cross-Secti onaI 340.88 00'077 

P i an f orm 

Wetted 

Base 



MODEL COMPONENT 

TILT3LE 111-Continued 
MODEL DIMENSIONAL DATA 

CANOPY - Cg 

c 

MODEL SCALE: 0.015 MODEL DRAWING: SS-AO0147 , RELEASE 12 

DRAWING NUMBER : . VL7O-000 143A/B 

FULL SCALE 

143.357 

152.412 

25,000 

MODEL SCALE 

2.150 . 

2 -286 

0.375 

18 
I 0 



- -  
TABLE 111 = Continued 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : "V - E26 4 

GENERAL DESCRIPTION : 140 A / B m e r  RIevnn 

Model Scale: 0.015 8 

DIM EN SlONS : 

Area 

FULL SCALE MODEL SCALE 

210.0 0.0473 -- Span (equivalentj 

In b'd equivalent chord 118 . 004 1.770. 

Outb'd equivalent chord -a.828 
Ratio movable surface chord/ 

total surface chord 

0.2096 At Inb'd equiv. chord 0.2096 

At Outb'd equiv. chord 0.4004 0.4004 

Sweep Back Angles, degrees 

Leading Edge ' 0.00 0.00 

Trailing Edge -& 10.056 

Hingeline 0,oo 0.00 

Area Moment (Vormol to hinge line) 158% 25 0.00536 

Hingeline 0,oo 0.00 

Area Moment (Vormol to hinge line) 158% 25 0.00536 

19 '1 
- . .- \ 



TABLE III-Continued 
MODEL DIMENSIONAL DATA 

MODEL COMPONENT : 

GENERAL DESCR~PT~ON : 

*ODY FLAP 4 8  

Conf igurat ion 140A/B O r b i t e r  Body F lap .  

H inge l ine  located a t  X, = i528.3, 2, - - 284.3 
MODEL SCALE: 0.015 MODEL DRAWING: SS-AO0147,  RELEASE 12 

DRAWING NUMBER : . VL-000 140A, VL70-000 145 

DIMENSIONS : FULL SCALE MODEL SCALE 

Max Depth o(0 1520) I n .  23.000 0 345 

Fineness Ratio 

2 --- . Area - F t  

Max. Cross-Sectional 

P Ian form 150.525 0 A339 

Wetted 

Base 

20 

41 .a4722 0.00941 ' 



TULE I I I-Cont i nued 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : OMS Pod (‘16) 

MODEL SCALE: 0.015 MODEL DRAWING NO; SS-A00147 
VL70-000 1400 
VL70-0084 10 DRAWING NUMBER * 

DlMEN SlON S : F U L L  SCALE MODEL SCALE 

Max Depth (@ X, = 1511) - I n .  74.7 1 .121  

Fineness Ratio 2.484 2.484 

2 Area - Ft . 
58.864 0.0132 Max. Cross-Sectional 

P Ian form 

Wetted 

Base 



. 
TABLE III-Continued 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT: OMS NOZZLES - N28 
. -  . .  

G E XERAL DE S C R  I PTION : 
- 

Configuration 140A;B Orbiztr OMS Nozzles 

. .  - 14/ 

MODEL. SCALE: 0.015 - MODEL DRAWING: RELEASE 5 (Contour) 

I DRAWING NUH8ER: VL70-000 145, ( 1 oca t ion) 

I DIMENS I O N S  : 

MACH NUMBER 

FULL SCALE MODEL SCALE 

# 
Length- I n .  

Gimbal Point t o  Ex i t  Plane 
Throat t o  Exit  Plane 

Diameter - In. , 

E x i t  
Throat 
I n l e t  

Area - f t  
E x i t  
Throat 

2 

- 
Gimbal Point (Station) - I n .  

'Le.it NozZle 
xo 

- *  Yo 
20 

Right Nozzle 
X 
Y 
2 

N u l l  Posit ion - Deg. 
L e f t  Nozz le 

P i t c h  
. Yaw . 

Right Nozzle 
P i t c h  
YaN 

1518.0 22.770 
L - -1.320 0 
490.2 7.380 

1518.0 22.770 
+118.0 + rm 
492 .O 7.380 



TABm III-Cont i nued 
MODEL DIMENSIONAL DATA 

MODELCOMPONENT RUDDER - R5 

GENERAL DESCRIPTION 2A; 3 ,  3 A ,  and 140A/B Configurations 

c 

MODEL SCALE: 0.015 MODEL DRAWING: SS-A00148 

VLlO-000 146A, VL70-000095, V 170-000 139 DRAWING NUMBER 

DIMENSIONS 

*Area Ft2 

FULL SCALE 

100.15 

MODEL SCALE 

0.0225 

Span (equivalent) - In .  201 .o 

Inb'd equivalent chord - In* 91.585 

Outb'd equivalent chord - I n .  

Ratio movable surface chord/ 
total surface chord 

50.833 

At Inb'd equiv. chord 0.400 

At Outb'd equiv. chord 0.400 

Sweep Bock Angles, degrees 

Leading Edge 34.83 

Troi ling Edge 26.25 

Hingeline 34.83 

610.92 

73 -2 

Area Moment (Normal t o l i n g e  line) 

Mean Aerodynamic Chord, - I n .  

3.015 

1.3738 

0.7625 

0 .bo0 

0.400 

34.83 

26.25 

34 83 

0.002 
~- 

1.098 



TABLE 111; Continued 
MODEL DIMENSIONAL DATA - Continued 

MADEL SCALE.: 0.015 DRAWING NUMBER: SS-A00148, 
RELEASE 6 

DRAWING NU M BER vL70-000 146A 

DIMENS I O N S  : 

TOTAL DATA 

Area (Theo) - Ft 2 
Planform 

Span (Theo) - I n .  
Aspect Rat  io 
Rate of Taper 
Taper Rat io 
Sweep-Back Angles, Degrees. 

Leading Edge 
3:Tra i 1 i n g  Edge 
0.25 Element Line 

Chords: 
R o o t  (Theo) WP 
T i p  (Theo) WP 
MAC 
Fus. Sta. o f  -25 MAC 
W.P. of .25 MAC 
B.L..of .25 MAC 

A i  r f o i  1 Sect ion 
Leading Wedge Angle - Deg. 
T r a i  ling \/edge Angle - Deg. 
Leading Edge Radius 

FULL SCALE MODEL SCALE 

413.253 0 093 

3 15.720 4.736 
1 .b /> I .b/> 
0.507 0.507 - 0 -404 0.404 

635.522 
0.00 

10.00 10.00 
14.920 14.920 
2 .oo 0.030 

Void Arca 

Blanketed Area 

24 

. 

0 -030 13.17 

0.00 0 -00 --- 



TABLE I11 - Concluded 
MODEL COMPONENT: W1NG-W 

GENERAL DESCRIPTION: Configuration 4 

N3TE: Identical to "114 except airfoil thickness. 

Dihedral anqle is a l o n g  trailinq edqc of wing. 

MODEL SCALE: 0.015 M_Q)FI DR A W I N G :  S S  -AGO 148 

DRAWING NUMBER: V70-30-906431 (Basic Control Drcrwing) 

a 

DIMENSIONS: FULL-SCALE 

TOTAL DATA 

Area (The01 F t 2  
Planform 
Netted 

Span (equival ent) (Theo) In .  
Aspect Ratio 
Rate o f  Taper 
Taper Ratio 
D i  hedral Angl e, degrees 
Incidence Angle, degrees 
Aerodynamic Twi st ,  degrees 
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 

Leading Edge 
Trai  1 i ng Edge 
0.25 Element Line 

Root (Wing Sta. 0.0) (The01 B.P-O-0 
Tip, (equivalent) (The01 B o p -  

Fus. Sta .  o f  .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Chords: 

. MAC 

2690.00 

936 68 
2 . 265 
1.177 
0.200 
3.500 
0 .so0 

+3.000 

45.000 
-10.056 
35.209 

' *  689.24 
137.85 
474.81 

1136.83 
290.58 
182.13 

A i r f o i l  Section 
Root 
T i  p 

EXPOSED DATA 
I 

I 

Aspect Ratio 
Taper R a t i o  
Chords 

Root BPI08 
Tip 1.00 b 

7 MAC 
Fus. S t a .  o f  .25 MAC 
W.P. o f  .25 MAC 
t3.L. of . 2 5  !lAC 

1751 .SO 
720.68 

2 ;OS9 
0.245 

562.09 
137.85 
192 .a3 
1185.98 

2 q 4 . 3 0  
. 251.77 -- -. ____ 

MODEL SCALE 

0.605 

14.050 
2,265 
1.177 
0.200 
3.500 
0.500 

+ 3  .OOO 

45 . 000 - IO .os6 
35,f09- 

10.339 
.2.068 
7.122 
17 .OS2 
4.359 
2.732 

0 -394 
10.810 
2 .Os9 
0.245 
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